showed that the type strains of Enterobacter agglomerans (ATCC 27155) and Envinia herbicola (ATCC 33243) belong to the same genomic species. We suggest that Enterobacter agglomerans (= Erwinia herbicola) should be excluded from the genus Enterobucter. We further suggest that strains currently designated Enterobacter agglomerans can be grouped with Erwinia herbicola or with the enteric cluster containing Enterobacter depending upon whether bifunctional AS:PRT is absent or present, respectively.
The Approved Lists of Bacterial Names includes seven names that contain strains belonging to the Enterobacter agglomerans-herbicola group of Erwinia species (21) . Three species are listed in the herbicola group of Erwinia species (Erwinia herbicola, Erwinia stewartii, and Erwinia uredovora) in Bergey 's Manual of Determinative Bacteriology, 8th ed. (18) . Ewing and Fife (10) suggested the name Enterobacter agglomerans for some strains belonging to the herbicola-agglomerans complex. These authors further classified the strains belonging to Enterobacter agglomerans into seven anaerogenic biogroups and four aerogenic biogroups. The majority of strains are anaerogenic (10, 20) . When the biochemical characteristics of the aerogenic and anaerogenic strains of Enterobacter agglomerans were compared with the characteristics of strains of Enterobacter cloacae, it was found that the strains belonging to the aerogenic biogroups are more similar to the Enterobacter cloacae strains than the strains belonging to the anaerogenic biogroups are (10, 20) . The other three species listed on the Approved Lists of Bacterial Names for the herbicola-agglomerans group of bacteria are Escherichia adecarboxylata, Erwinia ananas, and Erwinia milletiae.
The strains identified as Erwinia herbicola are isolated from plant lesions, from plant surfaces, and, occasionally, from water and air (19) . Strains assigned to Enterobacter agglomerans have been isolated mainly from plants, soil, foodstuffs, and human and animal sources (20) . Ewing and Fife (10) proposed that the strains isolated from plant lesions and surfaces be placed in the genus Erwinia, while those isolated from clinical sources be designated Enterobacter agglomerans because of their conformity with the genus Enterobacter. It currently is difficult to distinguish strains from different sources due to the diversity in this complex group of organisms (7,ll) . A recent study carried out on 124 strains belonging to this complex (8) in which levels of deoxyribonucleic acid relatedness were determined revealed that strains identified as Enterobacter agglomerans belong to more than 12 species (i.e., different deoxyribonucleic acid hybridization groups).
Bifunctional proteins have proven to be very stable characters. Comprehensive comparative enzymological studies of aromatic amino acid biosynthesis carried out in our laboratory have shown that bifunctional proteins are highly conserved characters since not a single instance of their loss has been recorded in phylogenetic clusters containing them (1-3, 16). Escherichia coli possesses at least four bifunctional proteins that participate in the biosynthesis of aromatic amino acids, and these bifunctional proteins enjoy different levels of hierarchical distribution (1, 9, 16, 23). The bifunctional P protein (chorismate mutase-P:prephenate dehydratase, E.C.5.4.99.5-4.2.1.51) of phenylalanine biosynthesis is of ancient origin and is present in all the members of the superfamily A (purple nonsulfur I1 bacteria) and superfamily B (purple sulfur bacteria) subdivisions of gramnegative bacteria (1, 2, 16). The bifunctional T protein (chorismate mutase-T:cyclohexadienyl dehydrogenase, E.C.5.4.99.5-1.3.1.12) of tyrosine biosynthesis and the bifunctional phophoribosylanthranilate isomerase:indoleglycerolphosphate synthase (E.C.4.1.1.48) of tryptophan biosynthesis are of recent origin and have been found in all members of the enteric lineage (which includes traditional enteric bacteria and the genera Aeromonas and Alteromonus) (1, 3, 9) . The second bifunctional protein of tryptophan biosynthesis, anthranilate synthase: anthranilate 5-phosphoribosylpyrophosphate phosphoribosyltransferase (E.C.4.1.3. 27-2.4.2.18) (AS:PRT) is of much more recent origin. Its presence is limited to the genera Escherichia, Salmonella, Citrobacter, Klebsiella, and Enterobacter, and it is absent from other enteric bacteria (13, 17, 23) .
Since the bifunctional protein AS:PRT is known to be present in two Enterobacter species (Enterobacter aerogenes and Enterobacter cloacae) but is absent from the only Erwinia species studied (Erwinia carotovora) (17, 23) , this protein appeared to be a fortuitous probe for testing the proposed phylogenetic separation of aerogenic and anaerogenic biogroups of Enterobacter agglomerans. We studied the presence or absence of bifunctional AS:PRT in the type strain of Erwinia herbicola and in single strains representing the aerogenic and anaerogenic biogroups of Enterobacter agglomerans, and the results which we obtained are presented in this paper.
MATERIALS AND METHODS Bacterial strains and culture conditions. Enterobacter agglomerans ATCC 29915 (aerogenic strain), Enterobacter agglomerans ATCC 2 7 M T (T = type strain) (anaerogenic strain), and Erwinia herbicola ATCC 33243T were obtained from the American Type Culture Collection, Rockville, Md. Enterobacter agglomerans ATCC 29915 (26"C), Enterobacter agglomerans ATCC 27155T (30"C), and Erwinia herbicola ATCC 33243T (26°C) were grown on M9 medium as described by Winkler and Stuckman (22) , except that the medium was supplemented with 1 .O% (wthol) acid-hydrolyzed casein (Difco Laboratories, Detroit, Mich.). Inclusion of acid-hydrolyzed casein in the growth medium results in derepression of tryptophan pathway enzymes since the faster growth rate and the presence of all amino acids except L-tryptophan make tryptophan rate limiting to growth (4, 17) . The organisms were grown to the late exponential phase, washed twice with 50 mM potassium phosphate buffer (pH 7.0) containing 1 mM dithiothreitol (buffer A), and stored at -80°C until they were used.
Preparation of cell extracts and enzyme assays. Cell pellets were suspended in buffer A, disrupted by sonication (three 25-s bursts of ultrasound energy [lo0 W]), and centrifuged at 105,000 X g for 1 h. The resulting supernatant was passed through a Sephadex G-25 column (1.5 by 20.0 cm) equilibrated in 10 mM potassium phosphate buffer (pH 7.0) containing 1 mM dithiothreitol (buffer B). The proteincontaining fractions were pooled and were termed the crude extract.
Anthranilate synthase (AS) activity with glutamine as the amino group donor was assayed at 37°C as described by Henderson et al. (13) . The reaction mixture (final volume, 0.2 ml) contained buffer A, 5 mM glutamine, 2 mM MgSO,, 0.5 mM potassium chorismate, and enzyme. The reaction was started by adding chorismate, and the continuous formation of anthranilate was followed by using an AmincoBowman spectrophotofluorometer (excitation at 325 nm, emission at 400 nm).
Anthranilate-5-phosphoribosylpyrophosphate phosphoribosyltransferase (PRT) activity was assayed by following the disappearance of anthranilate at 37°C as described by Henderson et al. (13) . The reaction mixture (final volume, 0.2 ml) contained buffer A, 2 mM MgSO,, 30 pM anthranilate, 1 mM 5-phosphoribosyl-l-pyrophosphate, and enzyme. The reaction was started by adding 5-phosphoribosyl-1-pyrophosphate, and the disappearance of anthranilate was monitored with an Aminco-Bowman spectrophotofluorometer (excitation at 325 nm, emission at 400 nm). The rate of formation or disappearance of anthranilate was calculated by using the relative fluorescence values obtained from authentic samples of anthranilate.
Protein in the crude extract was estimated by the method of Bradford (6), using bovine serum albumin as the standard protein.
DE52' column chromatography.
Approximately 80 mg of crude-extract protein was applied to a diethylaminoethyl cellulose column (type DE52; 1.5 by 20.0 cm) equilibrated in buffer B. The column was washed with 2 bed volumes of the equilibration buffer, and then the bound proteins were eluted with 300 ml of a linear gradient of KC1 (0.0 to 0.5 M) contained in the equilibration buffer. The fractions (2.2 ml) collected were assayed for absorbance at 280 nm and for AS and PRT activities. Biochemicals and chemicals. Amino acids, bovine serum albumin, dithiothreitol, anthranilate, 5-phosphoribosyl-1-pyrophosphate, and Sephadex G-25 were obtained from Sigma Chemical Co., St. Louis. Mo.). DE52 was purchased from Whatman, Inc., Clifton, N.J. Chorismate was isolated from the accumulation medium of a triple auxotroph (strain 62-1) of Klebsiella pneumoniae and was purified as the free acid (12) . All other chemicals were standard reagent grade.
RESULTS AND DISCUSSION
Both AS and PRT activities were readily detected in crude extracts prepared from Enterobacter agglomerans ATCC 29915 (aerogenic strain), Enterobacter agglomerans ATCC 2 7 M T (anaerogenic strain), and Erwinia herbicola 33243T. The specific activities of AS and PRT from these organisms are shown in Table 1 . DE52 column chromatography was used to fractionate these enzyme activities in order to demonstrate the presence or absence of bifunctional AS: PRT in these organisms.
In Escherichia coli, Salmonella typhimurium, and other enteric bacteria that possess bifunctional AS:PRT, two forms of this bifunctional protein have been reported (14, 15, 17) , a soluble form and a particulate form associated with some unidentified cellular component. The PRT activity in the particulate form of bifunctional AS:PRT from these organisms has been reported to be greatly diminished under in vitro assay conditions (14, 15, 17) .
The elution profiles of the AS and PRT activities following DE52 chromatography of the crude extracts prepared from Enterobacter agglomerans ATCC 29915 are shown in Fig.  la . Two peaks of AS activity eluted. A broadly shaped profile of activity appeared early in the gradient fractions, followed by a sharp, trailing peak of activity. The two AS activity peaks coincided with two peaks of PRT activity. However, the PRT activity was relatively low in the leading eluate band. The coincident elution of AS and PRT activity peaks from Enterobacter agglomerans ATCC 29915 indicates that bifunctional AS:PRT is present in this organism. The first broad peak of bifunctional AS:PRT from Enterobacter agglomerans ATCC 29915 (Fig. la) reflects the particulate form of this bifunctional protein, which was present in the crude extracts either due to the presence of lighter membrane fractions that did not sediment during high-speed centrifugation or due to dissociation from the membranes during sonic treatment. AHMAD AND JENSEN INT. J. SYST. BACTERIOL. A single sharp peak of AS activity eluted in the gradient fractions when crude extracts prepared from Enterobacter agglomerans ATCC 271ST (anaerogenic strain) were used for DE52 column chromatography (Fig. lb) . The PRT activity also eluted as a single sharp peak of activity (Fig. lb) . The two activity peaks were well separated in the gradient fractions, thus showing that Enterobacter agglomerans ATCC 27WT possesses monofunctional AS and monofunctional PRT instead of bifunctional AS:PRT.
The type strain of Erwinia herbicola (ATCC 33243) was also used to fractionate AS and PRT activities by DE52 column chromatography (Fig. 2) . Again, single, sharp, wellseparated peaks of AS and PRT activities eluted in the gradient fractions. These results showed that Erwinia herbicola ATCC 33243T lacks bifunctional AS:PRT.
The data obtained in this study, together with previous observations made with other enteric bacteria, are summarized in Table 2 . Two other Enterobacter species (Enterobacter aerogenes and Enterobacter cloacae) possess bifunctional AS:PRT, while the only other Erwinia species studied (Erwinia carotovora) possesses monofunctional species of AS and PRT. Ewing and Fife (10) reported that 80% of strains belonging to the species Enterobacter agglomerans are anaerogenic, while the remaining strains are aerogenic. Biochemical studies carried out on these organisms have shown that the aerogenic strains resemble Enterobacter cloacae and other Enterobacter species more closely than they resemble anaerogenic strains (10, 20) . On the other hand, some biochemical characteristics of the anaerogenic strains (such as yellow pigmentation) resemble those typically associated with Erwinia species (19, 20) . Indeed, some of the strains belonging to Enterobacter agglomerans were initially placed in the genus Erwinia (7, 11). In this regard, it is striking that the aerogenic Enterobacter agglomerans strain which we studied (ATCC 29915) possesses bifunctional AS:PRT, a character also shared by other Enterobacter species, while the anaerogenic Enterobacter agglomerans strain (ATCC 27MT) possesses monofunctional AS and PRT, characters present in Erwinia herbicola and Erwinia carotovora. More strains will need to be examined to determine whether a perfect correspondence exists between aerogenic physiology and the bifunctional AS:PRT protein.
Brenner et al. (8) studied the herbicola-agglomerans complex of strains by using deoxyribonucleic acid relatedness and phenotypic characteristics. These authors concluded that these criteria could not yield an adequate classification, largely due to the extreme diversity of the component strains. They emphasized the need for other in-depth studies with these organisms for a meaningful classification. Enterobacter agglomerans that possess the bifunctional AS:PRT protein, placement within the genus Enterobacter (or at least within the cluster containing Escherichia-Salmonella-Citrobacter-Klebsiella and Enterobacter) is indicated. It seems likely that the subdivision of contemporary Enterobacter agglomerans strains into aerogenic and anaerogenic strains will prove to correspond to the presence and absence, respectively, of bifunctional AS:PRT.
